Greenhagen, Andrew

From: Gilmore, Tyler J <Tyler.Gilmore@pnnl.gov>

Sent: Thursday, January 23, 2014 5:22 PM

To: McDonald, Jeffrey

Ce: Greenhagen, Andrew; Bayer, MaryRose

Subject: Re: IR4_01-14-2014 for the FGA permit applications
Attachments: EPA_IR4 _for FG-RPT-017-Final.pdf

Jeff,

Attached are our responses to your 1/14 request for additional information. Please call if you
have any questions.

Thanks

Tyler

Tyler Gilmore

Battelle Manager FutureGen Storage Site
Pacific Northwest National Laboratory
5093717171

509 430 9898 (cell)
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U.8. Environmental Protection Agency Informal Request#4
Regarding: FG-RPT-017, Revision 1, SUPPORTING DOCUMENTATION: Underground Injection Controf Class V1 Injeciion Well Permit
Applications for FutureGen 2,8 Morgan County UIC Wells 1, 2, 3, and 4

Appendix A
IR 01-14-2014 3

Additional Information Regarding
Construction and Operations
and

Pre-operational Formation Testing Plan

Sections 4.2.9,4.2.10, 4.2.11, 4.2.12, and 4.2.13 of UIC Permit Supporting Documentation
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L.8. Environmental Protection Agency Informal Request#4
Regarding: FG-RPT-017, Revision 1, SUPPORTING DOCUMENTATION: Underground Injection Control Class VI Injection Well Permit
Applications for FutureGen 2.0 Morgan County UIC Wells 1, 2, 3, and 4

4.2.9 Pre-Operational Formation Testing

The pre-operational formation testing program will be implemented to obtain an analysis of the
chemical and physical characteristics of the injection zone and confining zone(s) that meets the testing
requirements of 40 CFR 146.87 and well construction requirements of 40 CFR 146.86. The pre-
operational testing program will include a combination of logging, coring, formation geohydrologic
testing (e.g., a pump test and/or injectivity tests), and other activities during the drilliing and -
construction of the CO; injection well.

The pre-operational testing program will determine or verify the depth, thickness, mineralogy, lithology,
porosity, permeability, and geomechanical information of the Mount Simon Sandstone (CO; injection
zone), the overlying Eau Claire Formation (confining zone}, and other relevant geclogic formations. In
addition, formation fluid characteristics will be obtained from the Mount Simon Sandstone to establish
baseline data against which future measurements may be compared after the start of injection
operations. The resulis of the testing activities will be documented in a report and submitted to the EPA
after the well drilling and testing activities have been completed but before the start of CO, injection
operations. : ’

Before drilling the injection wells, a vertical pilot hole will be drilled at the injection well location
through the Mount Simon Formation to the Precambrian basement to collect pre-operational
characterization and testing data for the injection wells. After completing the characterization and
testing in the vertical pilot hole, the borehole will be plugged {cemented) from total depth to the kick-off
point {approximate depth of 3,200 ft bgs} and converted to one of the horizontal injection wells.
Additional selected pre-operational testing will be conducted within one or more lateral boreholes.

4.2.10 Wireline Logging

Open-borehole logs will be run to obtain densely spaced, in situ, structural, stratigraphic, physical,
chemical, and geomechanical information for Mount Simon Sandstone, the Eau Claire confining zone,
and other key formations. Open-borehole characterization logs will be obtained at the surface casing
end point, the intermediate casing end point, and at the long-string casing end point {i.e, total borehole
depth) in the vertical pilot borehole. Open-borehole wireline logs will not be run in the 30-in.-diameter
conductor casing borehole because logging tools are not suited for this large-diameter hole size. As '
detailed in Table 4.14, open-borehole logs will include caliper, gamma, spontaneous potential {or brine
formation equivalent), resistivity, neutron, density, photoelectric cross-section, sonic {full waveform),
nuclear magnetic resonance, resistivity-based and/or acoustic-based micro-image, and gamma
spectroscopy logs. '

Data generated from the extensive open-hole wireline program will be used in conjunction with core
analysis data and in situ hydrologic test data to support estimates of mechanical properties (grain
density, porosity, and compressibility), hydraulic properties (permeability), thermal properties {thermal
conductivity and specific heat capacity) for rocks contained within the domain being modeled for the
FutureGen2.0 project.

1/23/2014 Page 4 of 11



U.8. Environmental Protection Agency Informal Request #4
Regarding: FG-RPT-017, Revision 1, SUPPORTING DOCUMENTATION: Underground Injection Control Class VI Injection Well Permit
Applications for FutureGen 2.0 Morgan County UIC Wells 1, 2, 3, and 4

Table 4.14. Wireline Logging Program

Depth interval®

Log

Purpose/Comments

Conductor Casing
Interval (0 to 140 ft
bgs); 30-in.
borehole

Surface Casing
Interval (below
conductor casing to
570 ft bgs); 20-in.
berehole

Intermediate........
Interval {below
surface casing to
3,150 ft bgs);
14-3/4-in. borehele

1/23/2014

& Cement-bond log

¢ No open-borehole logs

& No cement-bond log

Basic log suite (gamma
ray,“”' formation
density,” neutron
porosity,”” resistivity,‘b’
spontaneocus
potential,(b)
photoelectric factor,
caliper™)

Cement-hond Eog""En

-Basic log suite {gamma.-

ray,® formation
density,"’) neutron
pcrosity,‘b} resistivity,
spontaneous
potential,“’)
photoelectric factor,
caliper™)

{b)

Enhanced log suite
{spectral gamma,”
dipcle sonic shear Iog,m
resistivity-based and/or
acoustic-based image
Iog,M nuclear magnetic
resonance log,”
elemental capture
spectroscopy log™)

{b, d)

NA
NA

Characterize basic geology {lithology, mineralogy,
porosity)

Evaluate cement integrity

porasity}
Evaluate borehcle condition prior to cementing

Enhanced characterization of geclogic and
geomechanical properties that control injectivity
and confining zone/seal integrity

Dipole sonic log will also provide data to calibrate
surface seismic and other purposes

Evaluate cement integrity

Page50f11

All
Vertical

pilot
horehole

Al

Mertical

pilot
borehole

Vertical
pilot
borehole

All



U.5. Environmental Protection Agency Informal Regquest#4
Regarding: FG-RPT-017, Revision 1, SUPPORTING DOCUMENTATION: Underground Injection Control Glass Vi Injection Well Permit
Applications for FutureGen 2.0 Morgan County UIC Wells 1, 2, 3, and 4

dipole sonic shear Iog,(d
resistivity-based and/or
acoustic-based image
log,* nuclear magnetic
resonance log,"™
elemental capture
spectroscopy log™)

e Baseline temperature
log™

s Cement-bond log™?

® Baselina oxygen-
activation log (pulsed
neutron capture tool} —
if it is not run in open
borehole™®

and confining zona/fseal integrity
Dipele sonic log will also provide data to calibrate
surface seismic and other purposes ’

Determine natural geothermal gradient outside
well for comparison to future temperature logs
for external mechanical integrity evaluations.
Evaluate cement integrity of long-string casing
through cenfining zone.

Provide baseline measurement for future pulsed-
neutron capture logging runs aimead at detecting
distribution of CO,outside the well for external
mechanical integrity evaluations.

{a) Well design is described In Section 4.3 of this document; borehole/casing depths are approximate and

"preliminary.

{b} Required by EPA UIC Class VI permit requirements (10 CFR 146.87).

{c) Optional logs: one or more of these logs may be run

well,
{dy Cased-hale log

{e) These logs will be run in the vertical pilot borehole.

(f} - These Jogs may be run in the horizontal (fateral) open borehole of one or more injection wells (all are

across selected intervals of this section of the

Depth Interval™ Log Purpose/Comments Weil
Long-5tring Casing + Basic log suite {gamma s Characterize basic geology (lithology, mineralogy,  Vertical
Interval®™ (Vertical ray,™ formation porosity) pitot
borehole, below density,” neutron * Evaluate borehole condition prier to cementing borehole
intermediate casing porosity,(b) resistivity,"

3,150 to total spontaneous
depth); 9-1/2 —in. potential,’”
borehole photoelectric factor,
caliper(b)]
e Enhanced log suite s Enhanced characterization of geologic and Vertical
(spectral gamma,® geomechanical properties that control injectivity  pilot
dipole sonic shear log,” and confining zone/seal integrity borehole
resistivity-based and/or * Dipole sonic log wilt also provide data to calibrate
acoustic-based image surface seismic and other purposes
. log,"" nuclear magnetic
resonance log,
elemental capture
spectroscopy log™)
Long-5tring Casing  Basic log suite (gamma » Characterize basic geology (lithology, mineralogy, Oneor
Interval (Lateral ray,™? farmation porosity) more wells
borehole); 8-1/2-in. density,®® neutron s Evaluate borehole condition prior to cementing
_ borehole™ [_‘){)rosit\/}“”ﬂ
resis;’ci\.rity,""ﬂ
spontaneous
potential,{b’ﬂ
photoelectric factor,
caliper®™)
s Enhanced log suite @ Enhanced characterization of geologic and One or
(spectral gamma,’ gecmechanical properties that control infectivity more wells

All

1/23/2014
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U.8. Environmental Protection Agency Informal Request #4
Regarding: FG-RPT-017, Revision 1, SUPPORTING DOCUMENTATION: Underground Injection Controf Class VI Injection Well Permit
Applications for FutureGen 2.0 Morgan County UIC Wells 1, 2, 3, and 4

Depth Interval® Log Purpose/Comments Well

optional since all required logs will be run in the vertical pilot hele drilled on the same pad as the
horizontal injection wells),
NA = not applicable.

4.2.11 Coring

The coring program will provide additional core needed to augment existing core data obtained from
the FutureGen 2.0 stratigraphic weil that was drilled in late 2011. Selected sections of whole core will
be collected from the Mount Simon CO, injection zone, the overlying Eau Claire confining zone, and
other relevant geologic formations (i.e., Ironton/Galesville, Franconia/Davis, New Richmond, and 5t.
Peter formations) when drilling the vertical pilot borehole for the CO, injection wells. Additional whole
core will be collected from selected menitoring wells that penetrate the Mount Simon Formation. These
additional core sections will be obtained to evaluate spatial variability within the CO, injection zane. No
additiona! whole core will be collected when drilling the horizontal injection wells.

“Plarined laboratary testing of allwhole core sections Thelude réiting rock property analysis (e,

porosity, density, permeability} of vertically and horizontally oriented plugs and petrographic analysis
(detailed geologic descriptions with supporting thin sections and clay analyses} of each core interval,
Special core analysis to abtain important multiphase transport properties {i.e.; scCO,-brine relative
permeability and 5cCO; entrapment) will be performed on selected cores from the Mount Simon
Formation, Elmhurst member of the Eau Claire Formation, and the Ironton/Galesville Formation.
Additionally, high-pressure mercury injection tests will be performed on all formations from the St Peter
Sandstone to the Mount Simon Formation.

Sidewall cores will be collected from all wells to provide a comprehensive set of routine rock property

data for calibrating geophysical wireline logs and to supplement formation property data where whole
core data are not available.

4.2.12 Hydrologic Testing and Fluid Sampling

Formation fluid sampling and reservoir testing of muktiple formations in the intermediate borehole
section, as well as an extensive hydrologic testing program within the reservoir will be performed when
drilling the vertical pilot borehole for the CO; injection wells. This program is designhed to provide
corroborative and additional hydrologic information about key strata within the injection reservoir and
overlying the caprock horizon, including potential monitoring zones {e.g., lronton), that will support
numerical modeling efforts associated with the MVA progran.

During drilling and/or during post-completion well development, collection of fluid samples will be
attempted in the St. Peter Formation, the New Richmond Formation, the lronton Formation, and the
Mount Simon Formation using a tubing-deployed packer and a submersible pump or an alternate
approach method (e.g., wireline-deployed sampling tool such as the Schlumberger Modular Fermation
Dynamics Tester [MDT]). Formation field fluid parameters {i.e., temperature, pH, conductivity, reservoir
pressure, and static fluid level} will be obtained from each sampling event for the hydrologic testing
interval. Representative samples from the respective test intervals will be submitted for detailed
laboratory analysis and will include major inorganic elements, trace metals, environmental stable
isotopes (e.g., C°, 0"%, H?), and selected radio-isotopes {e.g., H®, C'*). The field and laboratory analyses

1/23/2014 Page 7of 11



1).S. Environmental Protection Agency Informal Request #4
Regarding: FG-RPT-017, Revision 1, SUPPORTING DOCUMENTATION: Underground Injection Control Class VI Injection Well Permit
Applications for FutureGen 2.0 Morgan County UIC Wells 1, 2, 3, and 4

will be used to establish baseline data against which future measurements may be compared after the
start of injection operations. '

Hydrologic tests (e.g., packer, pumping, injection) tests will be conducted to corroborate and expand the
level of hydraulic property characterization within the Mount Simon reservoir {i.e., above what already
has been obtained from the initial FutureGen 2.0, pilot stratigraphic well [FGA#11). In addition,
hydraulic property field test characterization will be conducted for selected test sections within the
primary sealing caprock sections of the overlying Eau Claire. '

4.2.13 Geomechanical Testing

An in situ geomechanical characterization program will be conducted in the vertical pilot hole within the
Mount Simon $andstone and the overlying Eau Claire caprock formation using hydraulic fracturing tests
to complete the current knowledge of the principal stress conditions for the FutureGen location. The
objective of the geomechanical characterization program is to provide information regarding the
direction and magnitude of the three principal components of the stress field (., o, 0y). In particular,
these field geomechanical tests will provide an accurate measurement of the fracture pressure in both
the overlying confining zone and the reservoir injection zone. This in situ stress determination program
will be accompanied by laboratory measurements of mechanical properties (e.g., tri-axial tests)
conducted on selected core samples from the overlying confining/caprock horizan and reservoir
injection zone,

1/23/2014 Page 8 of 11



U.8. Environmental Protection Agency informal Request #4
Regarding: FG-RPT-017, Revision 1, SUPPORTING DOCUMENTATION: Underground Injection Control Class Vi Injection Well Permit
Applications for FutureGen 2.0 Morgan County UIC Wells 1,2, 3, and 4

Appendix B
IR01-14-2014 2
IR01-14-2014 5

Additional Information Regarding
Construction and Operations — Open vs Cased Injection Zone
and

Construction and Operations — Length of Casing in CO; Injection Wells

Figures 4.4 and 6.1 of UIC Permit Supporting Documentation

€0, Injection Wells Production Casing

Total 7-in.-diameter production casing for cased-hole completion:

3,400-ft carbon steel casing + 2,604-ft or 3,604-ft stainless steel casing = 6,004 ft or 7,004 ft

1/23/2014 _ Page9of1l



U.S. Environmental Protection Agency Informal Request #4
Regarding: FG-RPT-017, Revision 1, SUPPORTING DOCUMENTATION: Underground Injection Control Class VI Injection Well Permit
Applications for FutureGen 2.0 Morgan County UIC Wells 1, 2, 3, and 4

FutureGen (Morgan County, IL)

Depth
(ftbgs)  Horizontal Injection Well
Name  Lithology {Cemented and Perforated)
. 0 = - e mei R % B G| Cond Casin
Pleistorene] == Glacial Deposits s =k ConductorCasing
ot T L. | } o o
‘sandstonef 4 W s [ PEB (ar K-55, MTC) set in 30" hole
Pennsylvanian Spoon-Carbondale (197 f) [ Lead: 400 sks Class A with 2%
Undifferentiated | SL Louis (45 1) Al :;'Z(a:‘l and 0.25#/sk cell fiake, 15.6
o = Salem {134 ft) L Fillup: 0—-140 ft.
1z \Warsaw (78 ft) :
-2 Keokuk-Burlington (227 ft) |6 & A I Surface Casing __
14 ol 1 1% 570 1t. of 16", 84.0 #/ft., K-55, BTG
= ibal (125 ft i set in 20" hole
I i 4 Lead: 225 sks 65/3510 Pozmix
1.000— New Albany (91 ft) 1. with 0.25 #/sk cell flake, 11.2 #gal,
[evonian - Devoniﬂﬂ.(“_ﬂ) : :-; 068 i 1 65 Fillup: 0-420 ft,
o uri estone| i 1 918 Tail: 200 sks Class A with 2% CaCl
o] Silurian (118 ft) i ol i |44 A1
Silurian 1188 i 5 ) and 0.25 #/sk cell flake, 15.6 #gal.
. Maguoketa (197 ft) : . Fillup: 420570 ft.
7 Galena (141 ft) W
o Plaltevile (124 ft) l: g f.sf',.lgal.Acqrreaion-inmbil_ed KCI
brine or similar annular fluid
- Joachim-Glenwood (92 ft)
d c :
.g St. Peter (202 ft)
2000 -g “+ Intermediate Casing
L 'g o B — 3,150 ft. of 10-3/4", 51.0 #/ft., K-35,
R i BTC set in 14-3/4" hole.
390 ft, i X
A Shakopes ) vl -1 To be cemented in two stages.
e o Multiple stage cementing collar set
N - i 10 at 2,750 ft.
Al New Richmond (102 ft) - kol ki Stage |
J r [ - 1. 250 sks Class A ESC with 10 #/sk
Oneota (200 ft) -l e Cal Seal and 10% slat, 16.6 #/gal,
= 2,634 Al I o iy * Fillup: 2,750 - 3,150 ft.
Gfmtar (72 ﬁ)_ L2708 = 1. L Stage Il .
n Eminence (90 it) 2796 ; ; Lead: 755 sks 65/35/10 Pozmix,
Lost - k- 12.5 #/gal.
7 Potosi (276 ) Circulation | 4] q fillup: 022501t )
3.000— Zone e s Tail: 215 sks S/50/10 Pozmix,
] R - b Fhom 2580~ 2750
i Franconia (214 ft) hips eedl=a :
3,244
-1 5 3,286
i Ironton-Galesville (139 ) ) Transition from 7" diameter Carbon Steel
e 3.425 casing to 7" diameter corosion-resistant
- B alloy Stainless Steel easing at MD = 3,400 ft.
4 € ) 3,581
5l 8 Eau Claire (478 ft) MD = Measured Depth
TVD = Total Vertical Depth
n 3,838
a 3,904
4,000 Injection Tubing
= Mt. Simon 3,900t (3,819t TVD) of 3.5",
- (499 ft) 9.3 #iMt, N-80 8 Rd., EUE, set 2 ;
4] on injection packer, L . 40301 TVD
u a Gonglomerate 4403 Production Casing i 1,500 er 2,500 ﬁ_—)l
d= 4,445 340017 of 7°, 26.0 #/M., N-80 or P-110, TVD = 4.030 fi. TVD = 4,030 ft
2 8TC and 2,604 f&. or 3,604 ft, of 7", MD = 4,504 ft MD = 6,004 ft.
-1 2 Procambrian 29.0 #/t., 13Cr 8-110 VAM TOP or similar of 7,004 ft.
- % premium connection setin 9-1/2" hole
el __ ] | 4g1p Lead: 380 sksB5/35 Pozmix with 2% T
o ; gel, 12.5 #/gal. ;:ig(l]f:rocrluctfn 7 tdla{ Casing =
ki . S ; t of carbon steel casing +
— Explanation Flll-up: 02,800 . 2,604 ft or 3,604 ft of stainless steel
== = Dash indicales Tail: 1,080 sks "EverCRETE" CO.- casing = 6,004 ft or 7,004 ft total
Uncertainty resistant cement {or similar blend),
1582 #gal.
" 01/14/2014
Fill-up: 2,800 — 6,004 or 7,004 ft. . Not to Scale Fu[[JR{GFN){(}?ﬁ’:NJAn? GOR

Figure 4.4. Injection Well Schematic — Cased-Hole Completion (geology and depths shown in this
diagram are based on site-specific characterization data obtained from the FutureGen 2.0
stratigraphic well)
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U.S. Environmental Protection Agency Informal Request #4
Regarding: FG-RPT-017, Revision 1, SUPPORTING DOCUMENTATION: Underground Injection Control Class VI Injection Well Permit
Applications for FutureGen 2.0 Morgan County UIC Wells 1, 2, 3, and 4

FutureGen (Morgan County, IL)

Depth Depth
(fo) (fthbgs)  Horizontal Injection Well
System Name  Lithology (Cemented and Perforated)
Pleislo(iene -— Glacial Deposits 2 I i i Lo .‘:ﬂe d P it BT Con.ducerasing
T {est_130 1) 130 : e 8 Bl a0t of 24", 140 2/t Grade B,
-4 Sk S PEB (or K-55, MTC) set in 30" hole
B roanias, | Speon-Sabandale (197'H) B Lead: 400 sks Class A with 2%
Undifferentisted | St Louis (5 1) o EsEd L o) e 0258k ool e, 158
o 5 Salem (134 ft) _ Rt ] Fillup: 0— 1401t
43 Warsaw (78 f1) =0 B B | _L
£ i ; ; S
_Burli B ] - i T Surface Casing
43 KRB 2211 - a0 i (8 5701t of 16", 84.0 #/ft, K-55, BTC
= Hannibal (125 ft Bb i A setin 20" hole
T ?nnl L 936 J s - Lead: 225 sks 65/35/10 Pozmix
1,000— Rbiesi Altidry (91 1) pi S E with 0.25 sk cell flake, 11.2 #gal.
e Devonian (41 ft) : = 2o | |- Fill-up: 0-420 ft
= Silurian (118 f1) ' 1221l Tail: 200 sks Class A with 2% CaCl
Slhurian.J 1186 11z . and 0.25 #/sk cell flake, 15.6 #/gal.
- Maquoketa (197 ft) of “F Filllup: 420 - 570 ft,
= 1,383 i :
Galena (141 ft) ests .
= " Plattevile (124 ft) Eimesioner]” 24 Tl=oel
7 —dolomite=d 4 a4g o B e
- Joachim-Glenwaod (92 ) ; N s
Wi

St Peter (202 /)

ot I 15 — 3,150 ft. of 10-3/4", 51.0 #/f1., K-55,

N

o

54

I
Ordovician

= Shal 360 ft k [ 3 BTC set in 14-3/4" hole.
- EhopeRt ) Y [ ¥ To be cemented in two stages.
=1- . - Multiple stage cementing collar set
7 - 2332 N 1 at 2,750 ft.
) New Richmond (102 ft) 2434 ] zs # Stage |
- ' I B 210 250 sks Class A ESC with 10 #/sk
Oneota (200 ft) i E Ao Cal Seal and 10% slat, 16.6 #/gal.
- 2,634 R i Fill-up: 2,750 — 3,150 f.
Gunter (72 ft) A 2708 e q. . B Stage |
N Eminence (90 ft) 2796 et - o Lead: 755 sks 65/35/10 Pozmix,
(e b o 12.5 #gal.
- : § sreulati . ¥ Fillup: 0-2,2501t
3,000— FaasEn) cholmen N » Tail: 215 sks 50/50/10 Pozmix,
T 3072 s 14.8 #/gal,
Franconia (214 ft) Fill-up: 2,250 - 2,750 ft.
_ Ironton-Galesville (139 ) Transition from 7 diameter Carban Steel
g casing to 7° diameter carrosjon-resistant
15 alloy Stainless Steel casing at MD = 3,400 ft.
H4 E .
X S Eau Claire (478 ft) MD = Measured Depth
TVD = Total Vertical Depth
4,000— EverCHE;_f_E_ur Similar Blend
- Mt. Siman Cement Retainer O ;IES_|5tant cement
- {489 i) ,900 ft. MD
| ' I 4,030 ft. TVD
| , Conglomerate Production Casing I 1,500 or 2,500 ft:
J = 3,400 ft. of 7", 29.0 #/ft., N-B0 or P-110,
.z BTC and 2,604 . or 3,604 ft. of 7", TVD =4,030 fi. TVD =4,030 fi.
-1 2 Precambrian 29.0 %M., 13Cr S$-110 VAM TOP or similar  MD = 4,504 fl. MD = 6,004 ft.
4 E premium connection set in 9-1/2" hale or 7,004 ft,
A E I . |_4pgip Lead: 380 sks 65/35 Pozmix with 2%
o ! gel 12,5 #/gal. Total Production 7" dia. Casing =
Exp|anagion Fill-up: 0—2,800 ft. 3,400 ft of carbon steel casing +
S0 “= = Dash indicates Tail; 1,080 sks “EverCRETE' CO.- Sl S e
Uncertainty resistant cement {or similar blend), EasILE D) ! 4
13.82/a), 01/14/201
Fill-up: 2.900-6,004 or 7,004 % Not fo Scale 014

FUTUREGEN_HOZ_INJAOZ_FLUGO2 COR

Figure 6.1. Diagram of Cased Injection Well after Plugging and Abandonment
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